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ABSTRACT

Background and Objectives : Diastolic heart failure (DHF) is defined as clinical evidences of heart failure,
with a normal ejection fraction (EF) and abnormal diastolic function. However, the distinction between DHF
and SHF is often difficult. Strain (S) and strain rate (SR) echocardiography can measure the regional myo-
cardial function as a magnitude and rate of deformation. The hypothesis “myocardial velocity (Vel), S & SR
can provide additional information for differentiation DHF from SHF” was assessed. Subjects and Methods :
30 patients with symptomatic HF and low EF (SHF group) and 27 with symptomatic HF, and normal EF and
diastolic dysfunction (DHF group) were enrolled. 37 age—and sex—matched control subjects were recruited.
Conventional echo and regional indices (Vel, S and SR), measured at the mid septum and posterior wall, were
obtained. Results : Almost all clinical and echo indices of control were different between the two HF groups.
The EF, LV mass, S’ and DT in DHF were greater than those with SHF. The LA size, diastolic dysfunction
grades; E, A, E/A,E’, A’ and E/E’, were not different between the two HF groups. In the regional indices, the
peak S (long axis: 12.0+5.4 vs. 17.6+5.9%, radial axis: 26.4+12.7 vs. 46.0+16.7%) and systolic Vel (long axis:
2.61+0.8 vs. 3.61+0.9 cm/s, radial axis: 2.1 (1.2 vs. 3.7+1.4 cm/s) with SHF were significantly lower than those
with DHF. However, the SR of the two groups was not different. The best cutoff values of peak S were 13.7%
(long axis) and 32.9% (radial axis), and the systolic Vel were 3.0 cm/s (long axis) and 2.8 cm/s (radial axis).
Conclusion : The peak S and systolic Vel may be useful indices for differentiating DHF from SHF. A similarly
decreased SR in the two HF groups suggests that DHF has decreased myocardial contractility, despite the
normal EF. (Korean Circulation J 2004; 34(11):1090-1098)
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Fig. 1. Schematic explanations of strain and strain rate in
linear tissue. S: strain, SR: strain rate.
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Fig. 2. Representative curves of strain, strain rate, and myocardial velocity. A: radial axis strain curve (upper), strain
rate curve (middle) and myocardial velocity curve (lower) measured at posterior wall of LV. B: long axis strain curve
(upper), strain rate curve (middle) and myocardial velocity curve (lower) measured at mid septum of LV.
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Table 1. Clinical characteristics of patients

SHF DHF Control
(n=30) (n=27) (n=37)
Age (years) 48.1+16.1 5401145 498+17.8
Sex (% of male) 46.7 55.6 45.9
NYHA Fc 26+ 06"  24* 04" 1
DM (%) 43.3* 33.3 13.5
HBP (%) 36.7 51.9* 16.2
Dyslipidemia (%) 30.0 25.9 13.5
Smoking (%) 20.0 22.2 18.9
MI (%) 26.7* 11.0%* 0
CVA (%) 13.3* 7.4 0
BMI (Kg/m?) 237+ 3.4 239+ 32 222+ 28

BMI: body mass index, CVA: cerebrovascular accident,
DHF: diastolic heart failure, DM: diabetes mellitus, HBP:
hypertension, MI: myocardial infarction, NYHA Fc: New-
York heart association functional classification, SHF: sys-
tolic heart failure. *: p<0.05 vs control.
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Table 2. Comparisons of 2D and M-mode echocardio-
graphic results

SHF DHF Control

(n=30) (n=27) (n=37)
EF (%) 342+ 657 619+ 9.17 69.1+ 88
LV mass (gram) 184.9+65.5" 2260+36.6" 125.2+26.0
LVDd (mm) 628+ 70" 534+ 58 473+ 30
LVDs (mm) 527+ 80" 350+ 60" 287+ 4.1
LAD (mm) 471+ 70" 452+ 7.6 378+ 54
EF (%) 342+ 657 619+ 917 69.1+ 88

DHF: diastolic heart failure, EF: ejection fraction, LAD:
left atrial dimension, LVDd: end-diastolic left ventricular
dimension, LVDs: end-systolic left ventricular dimension,
SHF: systolic heart failure. *: p<0.05 vs control, 1:p<0.05
vs DFH.

Table 3. Comparisons of Doppler echocardiographic
results

SHF DHF Control

(n=30) (n=27) (n=37)
Transmitral E 83.7£25.6 7641245 70.4+t14.2
Inflow A 549+290 565181 68.6+17.3
Doppler E/A 18+ 09" 15+ 05 1.1+ 04
DT 136.5+56.6™ 191.9+490 182.7+44.4
Mitral annular S 39+ 08" 69+ 24 83+ 12
velocity B 446+ 09" 49+ 10 89+ 1.8
A 53+ 15 65+ 24" 86+ 1.2
E/E' 184+ 68 158+ 49" 87+ 18
Diastolic grading 2.3+ 08" 19+ 0.5 0.4+ 05

A: late diastolic mitral inflow velocity, A': late diastolic
mitral annular velocity, DHF: diastolic heart failure, DT: de-
celeration time, E: early diastolic mitral inflow velocity,
E': early diastolic mitral annular velocity, S': systolic mitral
annular velocity, SHF: systolic heart failure.

#: p<0.05 vs control, 1: p<0.05 vs DFH.

ulﬁc ]Zl\“éf T57| AEER] A5 ALk
T5oA] MTH(SHE vs DHF vs control) 3+ 22F 2wl
£ 2018 BATHEEE 2.6+0.8 vs 3.620.9 vs 3.9
+1.1, WARF 2112 vs 3.7+1.4 vs 4.4%09
cm/s) (Fig. 3). Peak strain 93] 53} WARSF 250
A AR 22 niQle AolE RIth(EEE 120+
5.4 vs 17.6+£5.9 vs 23.5+7.0, HAFEE 26.4+12.7 vs
46.0£16.7 vs 64.8+29.6) (Fig. 4). Wk {2
strain rate A E S5 WARE BF 57] A
o] el vls| 7”‘301 AR} 71 oJH HFE
o] AT 757 AT HglE Aol
£ HojFH] ’ﬁti’i\:‘r(Flg. 5).
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Fig. 3. Comparisons of systolic myocardial velocity mea-
sured at mid-septum (long axis) and posterior wall (radial
axis) of LV. #: p<0.05 vs control, 1:p<0.05 vs DFH. SHF:
systolic heart failure, DHF: diastolic heart failure.
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Fig. 4. Comparisons of peak strain measured at mid-
septum (long axis) and posterior wall (radial axis) of LV.
#: p<0.05 vs control, 1:p<0.05 vs DFH. SHF: systolic heart
failure, DHF: diastolic heart failure.
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Fig. 5. Comparisons of radial axis strain rate measured at
posterior wall of LV. = p<0.05 vs control. SHF: systolic
heart failure, DHF: diastolic heart failure, SR: strain rate.
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Fig. 6. Receiver operating characteristic curves of long axis peak strain (A), radial axis peak strain (B), and radial axis
systolic myocardial velocity (C). Smax: peak strain, Svel: systolic myocardial velocity.
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